pH-dependent perturbation of Ras-guanine nucleotide interactions and Ras guanine nucleotide exchange.
p21Ras (Ras) proteins cycle between active GTP-bound and inactive GDP-bound states to mediate signal transduction pathways that promote cell growth, differentiation, and apoptosis. To better understand how cellular regulatory factors, such as guanine nucleotide exchange factors (GEFs) and nitric oxide (NO), modulate Ras-guanine nucleotide binding interactions, we have conducted NMR and kinetic studies to investigate the pH dependence of Ras-GDP interactions and Ras-guanine nucleotide exchange (GNE). pH-sensitive amide protons were identified and found to be associated with residues in the switch I (Phe28-Asp30) and switch II (Asp57 and Thr58) regions of Ras. Furthermore, most of the residues that interact with Mg2+ exhibit pH-sensitive amide proton chemical shifts which appear to be coupled to pH-dependent Ras Mg2+ binding and guanine nucleotide binding affinity. These results suggest that perturbation of Mg2+ interactions within the Ras-guanine nucleotide complex is critical for pH-dependent dissociation of guanine nucleotide ligands from Ras. Notably, these same regions undergo conformational changes upon association with the Ras GEF, SOS. In addition, although we have recently shown that addition of NO to Ras in the presence of oxygen produces a Ras thiyl radical intermediate that promotes Ras GNE, we have also postulated that another byproduct of this reaction, a H+, may contribute to NO-mediated GNE. However, the results presented herein suggest that the H+ byproduct of the reaction is unlikely to be involved in the NO-mediated Ras GNE.